Abstract. At this paper attempts have been made to determine the effects of internal pressure on the reinforced composite pressure vessel. Finite element analysis (FEA) along with the Tsai-Wu failure criterion was utilized to predict the failure pressure of the vessel and the optimum fiber angle orientation. Six layers of E-glass/Epoxy and Graphite/Epoxyfibers have been selected to reinforce the aluminium vessel. Fibers were oriented with six different winding angles of 30 0 , 45 0 , 55 0 , 60 0 , 75 0 and 90 0 at asymmetric fiber orientation. The commercial code ABAQUS CAE was employed to simulate the model and analyse the structure. Results were revealed that Graphite/Epoxy has higher strength in comparison with E-glass/Epoxy fiber. Also it was observed that for both composite materials 55 0 fiber angle is the optimum winding angle. Results were compared to the experimental ones and there was a good agreement between them.
Introduction
Analyzing composite materials due to their widespread applications becomes a challenging subject among the research areas. Many investigations have been made to improve previous structures by applying composites. One of the main aspects of composites is reinforcing basic structures such as vessels and tanks to prevent awful conditions such as corrosion and explosion. In this way various types of composite materials have been utilized to measure the degree of their effectiveness.
Bakaiyan et al. [1] analysed reinforced composite pipes by applying the combined loads of internal pressure and thermomechanical loading. Investigations proved that hoop-to-axial stress ratio increases when fibers are set at circumferential direction. Hocine et al. [2] utilized elasticplastic analysis to investigate the stress-strain distribution and burst pressure of filament-wound composite vessel. Bhavya et al. [3] employed finite element software to study the effects of diameter-to-thickness ratio on the failure pressure of composite cylinder. BarbozaNeto et al. [4] applied the experimental and simulation methods to determine the optimum composite thickness and fiber stacking sequences based on the failure pressure.Tabakov and Summers [5] presented a 3-D elasticity strategy to analyse the thin-wall and thick-wall single-layered composite cylinders under the combined loads of internal, external pressures and axial force. Results exposed that the optimum winding angle is between 54 0 to 57 0 . Liu et al. [6] utilized a multiscale damage model to predict the failure pressure of composite vessel. In this way damage model was used to predict progressive failure properties of the representation volume element and stiffness degradation of RVE in the fiber direction. This paper has been tried to investigate the effects of internal pressure on the composite reinforced vessel. Also efforts have been made to determine the failure pressure and the optimum fiber angle for Glass-Aluminum and Graphite-Aluminum pressure vessel. Results for the two types of vessels are compared to each other and accuracy of results is proved by considering the experimental outcomes.
Theories for Composite Reinforced Vessels
Optimum Winding Angle Considering Netting Analysis. Winding angle (fiber angle) is determined for vessels based on defining fiber trajectories (paths). There are two types of winding methods; geodesic and semi-geodesic. In this present work, geodesic winding path which is a slipfree and frictionless process has been selected. Based on the geodesic winding method, winding angle is defined by applying Eq. 1 [6] :
= arcsin(r/R).
(1) At the mentioned equation r is the radius of polar axis; R is any radius at the head of the vessel and α is denoted as winding angle.
The optimum winding angle for composite reinforced vessels is estimated based on the famous Netting analysis. This theory expresses that the optimum fiber angle for producing maximum strength in a thin-wall vessel is 54.7
0 . This angle is obtained based on the stress equilibrium equations by assuming the hoop-to-axial stress ratio of two at the vessel [7] .
Tsai-Wu Failure Criterion
Estimating failure pressure of composite materials needs to utilize failure theories for obtaining accurate results. In this present work Tsai-Wu failure criterion has been used to investigate the effects of load and determine the failure pressure of the vessel.
Tsai-Wu failure theory determines failure under the plane stress condition by employing Eq. 2 [8] :
At this equation; F , F , F ,F , F , F are calculated based on the strength parameters as it is shown at Eq. 3:
Modeling
Geometry and Material Properties of the Vessel. At this present work, analyzing of the cylindrical reinforced pressure vessel has been done. The vessel is produced from aluminum shell reinforced with composite layers. Material properties of aluminum shell are presented at Table 1 . The two types of E-glass/Epoxy and Graphite/Epoxy fibers are used to reinforce the aluminum vessel with the length of 1.2 m and diameter of 0.3 m. The schematic of aluminum reinforced vessel is exposed at Fig. 1 . Fig. 1 .Schematic of aluminum reinforced vessel
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Six composite layers with the total thickness of 4.572 mm have been utilized to reinforce the basic shell with the thickness of 0.3 mm. Material properties of composite fiber have been presented at Table 2 and Table 3 . Simulation Procedure. Finite element analysis of aluminum-composite reinforced pressure vessel have been done by employing the commercial code ABAQUS. The aluminum reinforced vessel is subjected under the internal pressure to determine the failure pressure of the vessel and compare the strength of composite fibers. In order to reach this task, prediction of the vessel failure has been done by applying Tsai-Wu failure criterion. The finite element model of the vessel consists of 7822 elements and 4290 nodes is exposed at Fig. 2 . 
Results and Discussion
Failure pressures distribution for aluminum composite pressure vessels are indicated at Fig. 4 . Failure pressures are estimated for Al-Glass and Al-Graphite vessels based on Tsai-Wu failure criterion. As it is obvious at Fig. 4 , failure pressure for both curves exposes increasing trend by increasing fiber (winding) angle at the range of 30 0 -55 0 . As the curves reaches to their maximum at 55 0 winding angle, the graph begins to show decreasing trenduntil it reaches to 90 0 .
Fig. 4.Distribution of failure pressure with increasing winding angle
The reason for these changes is that at the range of 30 0 -55 0 the composite fibers show more resistance to hoop stress than axial stress [12] but after 55 0 winding angle, the condition is against the first part. Graphite/Epoxy fibers due to their higher ultimate strength tolerate more pressure than E-glass/Epoxy fibers.
The maximum failure pressure at 55 0 (the optimum angle) for Graphite/Epoxy fibers is 8.9 MPa while this amount for E-glass/Epoxy fibers is 4 MPa. The optimum winding angle for both fibers curves is 55 0 which is in a good agreement with the netting analysis (54.7 0 ). The results are also in a good consistency with the experimental ones [10, 13] . Fig. 5 shows the Tsai-Wu failure coefficients for both Glass/Epoxy and Graphite/Epoxy fibers.It is obvious that the critical parts more prone to failure are allocated to the middle zone and dome of the vessel which have higher failure coefficients. The values of failure coefficients are around 1 based on the failure criterion principle. 
Conclusion
At this present research, attempts were made to investigate the effects of internal pressure on the failure structure of Al-Composite pressure vessel. Finite element analysis considering Tsai-Wu failure theory was utilized to determine the failure pressures for both Al-Graphite/Epoxy and AlGlass/Epoxy pressure vessels. In this way the aluminum vessel reinforced with six laminates of Eglass/Epoxy and Graphite/Epoxy fibers were analyzed at different asymmetric winding angles. For both vessels, maximum failure pressures belonged to 55 0 winding angle (the optimum fiber angle) which is in a good consistency with the Netting analysis and experimental results. Also AlGraphite/Epoxy vessel showed more resistance to the internal pressure due to its higher ultimate strength.
